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INTRODUCTION
The use of the electric prod increases heart rate, blood lactate, and salivary cortisol concentrations in pigs (Brundige et al., 1998; Hemsworth et al., 2002) , as well as the incidence of fatigued pigs (Benjamin et al., 2001) . Furthermore, electric prods reduce the ease of handling (Rabaste et al., 2007) , resulting in a great-
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er number of bruised carcasses and poor pork quality (Guise and Penny, 1989; Rabaste et al., 2007) . Despite this evidence, handlers and truckers still use, often indiscriminately, this moving device to speed up the procedure of loading pigs on the truck for their transportation to slaughter (Faucitano, 2001) . The effectiveness of alternative handling devices to the electric prod, such as board, paddle, and flag, to move pigs along the farm alleys was assessed by McGlone et al. (2004) ; the board and the flag were more effective devices than the paddle or electric prod because they induced fewer behavioral problems and reduced the time required to move pigs. However, boards and flags are not useful when pigs line up in close, tight spaces, such as chutes, alleys, or races because the pig stopping the group can be far ahead and thus unreachable by the handler. The electric prod may be the most effective device in this situation, but also has a great potential for abuse, especially when used by untrained handlers (Coleman et al., 2003) . At some slaughter plants, there has been an increasing use of compressed-air prods to unload pigs from the truck and to drive them into the stunning chute. However, the efficacy of this device has not been assessed in controlled experimental conditions. The objectives of this study were to compare the behavioral and physiological response and carcass and meat quality of pigs being loaded with alternative moving devices (paddle and compressed air prod) with those loaded with an electric prod at a commercial facility.
MATERIALS AND METHODS
All experimental procedures performed in this study were approved by the institutional animal care committee based on the current guidelines of the Canadian Council on Animal Care (1993).
Animals and Treatments
This project was conducted at a commercial swine finishing farm in eastern Canada. In a 4-wk trial (4 loads), a total of 360 crossbred pigs (BW = 120 ± 7 kg) were randomly distributed into 3 moving treatments (120 pigs/treatment): 1) moving by an electric prod (Viehtreiber KWI 01/02; high voltage pulse of 5,000 V, Kathrein, Rosenheim, Germany) and a plastic board (91.4 × 76.2 cm; Ukal Élevage, Eschbach, Canada) from the finishing pen to the truck (EP); 2) moving with a board and a rattle paddle (handle length = 1.2 m and paddle size = 16.5 × 35.5 cm; Ukal Élevage, Eschbach, Canada) from the finishing pen to the truck (PAD); 3) moving with a board and a paddle from the finishing pen and using a compressed-air prod connected to a compact 11.4-L tank air compressor (690 kPa of air pressure; Campbell Hausfeld, South Pasadena, CA) in the ramp before going into the truck (CAP). Pigs had to walk a distance of 41 m from the pen to the ramp and had to climb a 4.13-m-long and 0.74-m-wide loading ramp. The CAP used in this study is the device that is normally used to inflate truck tires, but with a slight modification. The modification consisted in extending the device length to 1 m to allow the handler to reach the first pigs lining up in the ramp. Within each treatment, pigs were sorted out from 4 pens of 25 pigs in 24 groups (or replicates) of 5 pigs through a corridor (0.91 m wide) and up a 10° ramp. In every cohort of 5 pigs, 2 (48 pigs/treatment) were equipped with heart rate monitors (Polar Electro Canada, Lachine, Canada) and 4, including the pig that was equipped with the heart rate monitor (96 pigs/treatment), were used for the meat quality assessment. Pigs were moved by 2 trained handlers from the finishing pen to the truck. Pigs had their feed withdrawn for 9 to 10 h before loading and transported to the slaughter plant (1 h transport time) at a loading density of 0.41 m 2 /pig using a doubledecked trailer equipped with upper hydraulic floor with a capacity of 145 pigs distributed into 8 separate compartments. The truck was always driven at a full load, with the 360 experimental pigs being distributed into 6 compartments only. A rotation of the group position (front, middle, and rear of the truck, and upper and lower decks) in the truck according to the treatment (type of handling) was done every week (or load) to avoid the confounding effect of the truck compartment on the response of the pigs to transport. All treatments were equally represented across both trailer decks. On arrival at the plant, pigs were unloaded using paddles only. After 75-min lairage time, pigs were driven to a CO 2 stunner (Jumbo 6; Butina, Copenhagen, Denmark) through an automatic pushing gates system and exsanguinated in the vertical position.
Physiological Measurements
Heart rate was recorded by Polar heart rate monitors (Polar Electro Canada), at 5-s intervals for the whole duration of loading, transportation, and lairage. For protection and stable positioning, heart rate monitors were covered by leather belts buckled around the chest of the pig. These were installed 24 h before transportation so that this handling did not interfere with the results.
At exsanguination, 2 mL of blood were collected in a tube (BD Vacutainers, VWR International Ltd., Montreal, Canada) containing 6 mg of NA 2 EDTA and 3 mg of NaF solution to extract plasma for lactate analysis and 10 mL of blood were put in a tube (BD Vacutainers, VWR International Ltd., Montreal, Canada) to extract serum for creatine phosphokinase (CPK) analysis. Plasma samples were put on ice (4°C) for the duration of transport from the abattoir to the Agriculture and Agri-Food Canada laboratory and immediately centrifuged at 4°C for 10 min at 1,400 × g. Finally, samples were transferred to Eppendorf tubes (1.5 mL) and stored at −80°C until analysis. Serum samples were kept at room temperature (~23°C) for 1 h and then refrigerated at 4°C. The next day, serum samples were centrifuged at 4°C for 10 min at 1,400 × g, transferred Handling tools for pigs at loading to Eppendorf tubes (1.5 mL), and stored at −80°C until analysis. Lactate concentrations were measured using a commercially available kit (Lactate Assay Kit, Biomedical Research Service Center, University at Buffalo, Buffalo, NY) and CPK concentrations with creatine kinase-SL kit (Creatine Kinase-SL Assay of Chemicals Diagnostic Limited, Vancouver, Canada). Plasma lactate concentrations were determined with a microplate reader and serum CPK concentrations with a spectrophotometer. The intrassay CV were 2.4 and 4.0% for CPK and lactate, respectively.
Behavioral Observations
From the time pigs were moved out of their home pen until they were loaded on to the truck, their behavior was video-recorded using 3 digital video camcorders (CanonElura 90, CanonCanada, Mississauga, Canada). From these recordings 1 trained observer counted the frequency of slips/falls, overlap, 180° turn, turn attempts, and stops (Table 1 ) and the amount of handler interventions needed to move the pigs over a 6-m distance from a standardized predetermined line in the transition area to the truck ramp. The duration to load each group was also determined.
Vocalizations were also recorded with the digital video camcorders and digitized using Ulead MediaStudio Pro 7 (Ulead Systems, Torrance, CA). Vocalizations were analyzed using the Raven Pro 1.2.1 (Cornell Laboratory of Ornithology, Ithaca, NY), a sound analysis software program. The total number of vocalizations, the duration of these vocalizations, and the average frequency (in Hz) were determined.
Measurement of Skin Bruises
Skin damage was assessed on the day of slaughter in the cooler using a photographic scale ranging from 1 (none) to 5 (severe; MLC, 1985) . Bruises were also classified as fighting-type bruises (score 1: <10 bruises; score 2: ≥10 bruises) and mounting-type bruises (score 1: <5 bruises; score 2: ≥5 bruises) by visual assessment of shape and size according to the photographic standards of the Institut Technique du Porc (ITP, 1996) as described by Faucitano (2001) . In brief, according to the ITP scale, bruises due to biting during fighting are recognized as being of 5-to 10-cm length, comma shape, and concentrated in high number in the anterior (head and shoulders) and posterior (ham) regions of the carcass. Long (10 to 15 cm), thin (0.5 to 1 cm wide), and comma-shape bruises are considered as being caused by the fore claws (due to climbing of a pig over the back of another pig) in increased density situations and so classified as mounting type bruises. Lacerations and scratches normally produced when pigs are handled aggressively and run in closed and tight spaces were also noted and classified as other bruise types.
Meat Quality Measurements
Measurements of pH were made at 1 and 24 h postmortem in the LM at the 3rd-4th last rib level and in the semimembranosus (SM) muscles, and at 24 h postmortem in the adductor (AD) muscle using a pH meter (Oakton Instruments Model pH 100 Series, Vernon Hills, IL) fitted with a Cole Parmer spear type electrode (Cole Palmer Instrument Company, Vernon Hills, IL) and an automatic temperature compensation probe. At 24 h postmortem, the following measurements were taken in the LM and SM muscles: light reflectance by a Minolta Chromameter CR 300 (D65 light source with 0° viewing angle geometry) according to the reflectance coordinates (CIE L*, a*, b*) and subjective color score with the Japanese Color Standards (from 1 = pale to 6 = dark color; Nakai et al., 1975) after exposing the muscle surface to 45 min of blooming time, and electrical conductivity by insertion of the Pork Quality Meat probe (PQM-I-INTEK, GmbH, Aichach, Germany). Drip loss was measured in the LM muscle by a modified juice container procedure . Briefly, 3 cylindrical muscle cores were taken by a cork borer (25 mm diameter) in each slice and weighed. The cores were then placed into a drip-loss plastic container (Christensen Aps Industrivaengetand, Hilleroed, Denmark) and stored at 4 to 5°C. Forty-eight hours after sampling, the sample was removed from the container, carefully dabbed, and weighed. In the SM muscles, drip loss was measured according to the filter paper test as described by Kauffman et al. (1986) . Briefly, a filter paper (Whatmann PK100, VWR International Co., Mont Royal, Canada) was placed on the SM muscle surface after 20 min of air exposure and weighed using an analytical scale (Sartorius model 1419MP8, Fisher Scientific, Ottawa, Canada) after 5 s for the measurement of fluid accumulation.
The incidence of blood-splashed hams was also recorded, in terms of presence (score = yes) or absence (score = no) of hemorrhages or ecchymosis or hematomas in the muscle tissue.
Statistical Analysis
Physiological, and carcass and meat quality data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) for factorial designs and repeated measures over time (for heart rate data only). The model included treatment and week and corresponding interaction as fixed effects. Comparison between treatment means were adjusted for multiple comparisons with a Tukey-Kramer correction. Behavior was also analyzed using the mixed model procedure in SAS, with treatment as a fixed effect and week and loading order within week as random effects. When data did not meet the requirements for ANOVA, it was square-root transformed. When statistical differences were found (P < 0.10), Tukey-Kramer adjustment was used to compare treatment means.
RESULTS AND DISCUSSION
Three EP pigs were reported as fatigued pigs, based on open-mouthed breathing and unresponsiveness to stimuli to move, on arrival at the plant compared with none from the other treatments in this study. An increased incidence (more than 20%) of open-mouth breathing was also observed in a model of acute stress involving a combination of exercise (pig running) and aversive handling (electric prodding) by Benjamin et al. (2001) .
Behavioral Response
Although there have been few studies examining the behavioral effects of different handling devices, it is generally accepted that the use of electric prods is aversive to pigs and should be avoided (European Commission, 2002) . However, electric prods continue to be used on commercial farms because pigs move more quickly. During loading, treatments were applied at different rates based on their necessity (P < 0.0006; Table 2 ).
Not unexpectedly, pigs loaded more quickly with the EP than with other moving devices (P < 0.01; Table  2 ), whereas the use of the CAP led to longer loading durations compared with other handling tools. The decreased speed with the CAP could be attributed to a few variables. On this farm, this experiment represented the first time the handlers had used the CAP, and their lack of experience may have contributed to less efficient loading. In addition, the air compressor made considerable noise and because it was placed externally at the exit from the barn it may have also influenced pig behavior at this location.
Although pigs moved more quickly with the EP, they slipped and fell (P < 0.001) and overlapped one another (P = 0.03) more than other pigs (Table 3) , which agrees with previous reports of handling pigs with EP (Rabaste et al., 2007) . However, pigs moved with the EP made fewer turn attempts (P = 0.01) and stops (P < 0.001) than other pigs. When moved with the CAP, pigs made more 180° turns (P = 0.01) than pigs moved with either of the other devices. When moved with the PAD or CAP, pigs may have been more inclined to explore the novel environment, which slowed their speed in comparison with EP pigs.
Pigs vocalized more when moved with the EP than with other moving devices (P = 0.02), and these vocalizations were longer in duration (P < 0.01; Table  4 ). However, the frequency of the vocalizations did not differ between treatments (P = 0.11). Increased vocalizations are often used as indicators of pain or distress (Manteuffel et al., 2004) , and the use of electric prods has been previously reported to increase vocalizations (Benjamin et al., 2001 ).
Physiological Measurements
Previous transport studies showed the peak heart rate in pigs occurred during loading (Villé et al., 1993; Geverink et al., 1998) . A major contributing factor to these peaks is the use of electrical prods to drive pigs forward from the finishing pen to the transport vehicle deck (Griot and Chevillon, 1997; Brundige et al., 1998) . In this study, a greater heart rate was also found in EP Within a row, means without a common superscript differ (P < 0.05). 1 Two pigs were moved out of the sentinel pen and 3 out of the regular pen. All 5 pigs were moved simultaneously through the corridor and up the loading ramp.
2 CAP: compressed air prod; PAD: paddle; EP: electric prod. 3 Compressed air was not used until pigs were on the ramp. In the sentinel pen, regular pen, and corridor, pigs in this treatment were moved using a paddle and board.
pigs during loading (P < 0.001) and continued to be greater after loading before departure (P < 0.001), at unloading (P = 0.05), and in lairage (P = 0.02) compared with PAD or CAP pigs (Figure 1) . During transportation the heart rate of EP pigs tended (P = 0.06) to be similar to that of CAP pigs, with PAD pigs being intermediate. Handling methods at loading had no effect on heart rate during the waiting time at the plant before unloading. However, EP pigs had greater heart rates during unloading even though EP was not used at this stage. Heart rate of EP pigs may have increased in memory of the previous negative interaction with handlers at loading. In general, these results agree with Warriss (2003) who reported that negative handling at loading can have an impact on the fitness of pigs during transport and their recovery rate in lairage.
Creatine phosphokinase and lactate are released into the blood when there is some muscle damage (bruising) caused by vigorous physical exercise (Broom, 1995) . In this study, serum CPK concentrations were not different at exsanguination among treatments, whereas plasma lactate concentrations were greater (P = 0.05) in EP pigs compared with CAP pigs, with PAD pigs being intermediate (Table 5) . It has been reported that lactate concentrations can increase in very disturbed or frightened animals, even in absence of muscle damage (Broom, 1995) . The lack of effect on serum CPK concentrations could indicate that the EP treatment did not produce muscle damage in pigs, but was a source of some distress with effects lasting until slaughter. Brown et al. (1993) also reported a significant increase in blood lactate concentrations, but little change in blood CPK concentrations in pigs negotiating loading ramps. Greater cortisol and lactate concentrations in blood of EP pigs have been reported in several studies (Brundige et al., 1998; Hemsworth et al., 2002; Ritter and Ellis, 2007) , and these concentrations can be maintained for several hours after loading and until slaughter (Brundige et al., 1998; Edwards et al., 2009 ). Greater lactate concentrations may also be related to fatigued pigs (Benjamin et al., 2001) . In this study the greater lactate concentration in the plasma of EP pigs at bleeding appears to be an indicator of fatigue resulting from the long-term effect of poor handling at loading on the physiological state of pigs at slaughter.
Skin Bruises
Due to technical reasons, some carcasses were lost in the dressing line. Thus, the final number of EP, PAD, and CAP carcasses evaluated for bruises and meat quality was 92, 82, and 82, respectively. Despite the greater number of slips, falls, and overlaps, neither the overall carcass damage score nor the proportion of EP carcasses presenting mounting-type bruises was different from those of CAP and PAD carcasses (Table 6) . These results differ from those of Rabaste et al. (2007) who reported a tendency (P = 0.06) toward a greater bruise score (according to the MLC scale) in the carcasses of pigs being prodded at the entrance into the stunning chute. In the Rabaste et al. (2007) study, however, pigs were handled in larger groups (10 pigs) compared with the present study (5 pigs). Despite the use of the recommended group size (5 pigs; Lewis and McGlone, 2006) , EP pigs had a greater (P = 0.03) proportion of carcasses presenting scratches or lacerations or both. The most likely cause of these bruises is the panic produced in the group by the electric prod, which made them rush (as shown by the shorter loading time) through the alley or ramp and violently hit the alley or ramp walls.
Meat Quality
Handling treatments at the farm had no major effect on the LM traits. However, ultimate pH (pHu) and L* values were greater (P = 0.002) and lesser (P = 0.02), respectively, in the SM muscle of pigs being moved with the EP at loading compared with those handled with the PAD (Table 7 ). The AD muscle followed the same pattern of pHu variation. Because the use of EP led pigs to move at greater speed through the farm alley and the loading ramp, it is not surprising that more significant effects of the treatment were observed in locomotor muscles, such as the SM and AD muscles rather than in postural muscles, such as the LM. Other previous studies reported no effect of physical stress on pork quality as measured in the LM (Channon et al., 2000; Hambrecht et al., 2005) . These results confirm that the effects of a specific stress, either physical or psychological, on meat quality are muscle-dependent (Gregory, 2009) . As indicated by the greater blood lac- Figure 1 . Heart rate from loading at the farm to slaughter in pigs handled with 3 moving devices. The significant differences are from the least squares means in every event, where farm: P < 0.05, with EP > CAP < PAD; loading: P < 0.001, with EP > CAP and PAD; wait at loading: P < 0.001, with EP > CAP and PAD; transport: P = 0.057, with EP > CAP < PAD; unloading: P < 0.05, with EP > CAP and PAD; lairage: P < 0.05, with EP > CAP and PAD. Compress air = compressed air prod. Within a row, means without a common superscript differ (P < 0.05). 1 CAP: compressed air prod; PAD: paddle; EP: electric prod.
tate concentrations at slaughter and the greater pHu in the ham muscles, loading pigs with the electric prod produced fatigue, which pigs could not recover from until slaughter. Edwards et al. (2009) also associated greater blood lactate concentrations during loading with greater pHu.
Another reason for recommending the reduction of electric prod use is the production of blood splashes, either defined as small pinpoint hemorrhages or large blood clots in the meat, which affect pork appearance (Calkins et al., 1980; Grandin, 1994) . A greater (P = 0.04) proportion of blood-splashed hams was found in EP pigs compared with PAD and CAP pigs.
In conclusion, in the present study, the electric prod moved pigs quickly, but was an aversive method for pigs because they exhibited behavior that may lead to injury, had more bruises, and were more fatigued (greater lactate concentrations in plasma and greater pHu) at slaughter. The paddle and compressed air prod decreased slips/falls, overlaps, vocalizations, and lactate values compared with the electric prod, but also increased frequency of turn attempts and stops, result- Within a row, means without a common superscript differ (P < 0.05). 1 CAP: compressed air prod; PAD: paddle; EP: electric prod. 2 Based on the MLC scale from 1 (none) to 5 (severe; MLC, 1985) . 3 Proportion of carcasses with more than 10 fighting-type bruises according to the ITP scale (ITP, 1996) . 4 Proportion of carcasses with more than 5 mounting-type bruises according to the ITP scale (ITP, 1996) . 5 Proportion of carcasses presenting bruises of different origin (lacerations, scratches, and so on). Means within a row without a common superscript differ (P < 0.05). 1 CAP: compressed air prod; PAD: paddle; EP: electric prod. 2 Electrical conductivity measured by the PQM (Pork Quality Meter). 3 JCS = Japanese color standards (from 1 = pale to 6 = dark; Nakai et al., 1975) . 4 FPW = filter paper wetness according to Kauffman et al. (1986) and the guidelines of the National Pork Board (NPB, 2000) . 5 Blotches of blood in the meat surface produced by the rupture of capillaries.
ing in at least 2-fold increase in loading time. Therefore, additional research is necessary to identify methods to improve the efficacy and loading efficiencies of the paddle and compressed air prod without adversely affecting indices of animal welfare.
